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Steps for cross sections measurement

160 beam @ 400 MeV/nucleon on a 5 mm Carbon TG

Run Type Target Events

maz A0 o2 N 7 2210 calibration no 20463

\ \ o v &%&@53 — ?,PQA v 2211 calibration no 62782

kin rim " VTG * € calibration no

B, %mm Np N Z 2212  calib 116349
2242 calibration no 202728

2239 physics C 20821

2240 physics C 20004

Align FOOT detector at GSI and select angular acceptance for cross section 2241  physics C 20041

integration (thanks Yun) 2251  physics C 6863

Extract the fragments yields from ZID and TW clustering algorithms Very low statistics and no detectors

Compute MC efficiencies for each fragment for mass identification
Estimate fragmentation out of target for background subtraction h

cross section integrated in angular
and kinetic energy interval is
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Beam and Beam Monitor at GSI

SC BM

TGT VTX

SCN

2242 -> straight oxygen ions without TG

GSI setup (BM/TW) has needed to be aligned
for Physics runs (2239,40,41,51) using run

43.15 -37.85 -35.05

-14.05

220m

h_polar_glb
179.95 3500
3000 Polar angle of BM
2500 tracks in rad before

Beam Monitor
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_?O

2000 and after tilt
1500
1000

500

h_polar_glb

Entries
Mean
RMS

31625
0.01433
0.02054

Angular resolution from TW
bars crossing < 1.2mrad (0.6°)

Marco Toppi - FOOT Physics Meeting

2




Charge identification (ZID) algorithm

For each TW hit (Eloss, ToF) the ZID algorithm assigns a fragment charge Z

* For each region (and so for
each charge) the distribution
was fitted with Bethe-Bloch
formula.

—_

e Plotting the TW hits on an AE
vs TOF plain, we can assign to
each one the Z corresponding
to the closest Bethe-Bloch YT
curve.

10 105 11 115 12
TOF [ns]
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TW clustering algorithm
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Clustering algorithm
associates hit bars in
front and rear layer to
reconstruct fragments
impinging on TW

Checking TW
ZID+clustering
algorithm comparing
Eloss and Tof of hits
matched to the cluster



Fragments identification with TW
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Clustering algorithm
associates hit bars in
front and rear layer to
reconstruct fragments
impinging on TW

Checking TW
ZID+clustering
algorithm comparing
Eloss and Tof of hits
matched to the cluster



Fragments identification with TW
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TW algorihms performances

* Itis possible to correlate in a charge mixing matrix the reconstructed charge to the real one (for MC
truth).

x10°
o 8 250 observe when the charge identification
g ” algorithm assigns a fragment to a wrong Z.
N 200
6 * It’s almost perfectly diagonal: some
5 150 charge mixed events in the region above
the diagonal.
4
100
3
* This is a good confirmation that the
‘ 50 charge identification and the clustering
1 algorithms are able to identify efficiently
- 2 u_w&__w._w._\m_w 0 the different Z fragment populations.
Zrec
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Background subtraction

1000

* The fragments yields extracted by the TW detector mix i
primary fragmentation produced in the TG, which
corresponds to the signal in the cross section
measurements, and primary fragmentation out of target o
that results in a source of background for our
measurement.

600

200

|II|III]I\I|III|III|II

Eloss_all
Entries 1493709
| Mean 54.64
Std Dev 17.78

Eloss_all_cut
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Eloss_all_prim_noTG
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Background subtraction and yields extraction

s
> or BREGGUn e Background subtraction in data from runs 2210, 2211,
10° = Signal m
m W A 2212 without TG
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Be 73+ 9 T+ 9 30000
B 88 + 9 136 + 12 -
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N 207 +14 248 + 16 e ek, g, g, g, Yo,
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Reconstructed efficiencies

cee

Element Efficiency(%)

_ Nrw(2)
ZQ&ANV
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-
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Numerator: asking for a good TW point matched He
to primary fragments with origin in Target with Li
production angle < 5.7° and production Ey;,, in

the range [100,600] MeV/u. e

Denominator: asking for only primary fragments
produced in Target and escaping from it with
6<5.7° and an E,;, in the range [100-600] MeV/u.

Z QW™

91.92 £+ 0.05
85.38 £+ 0.20
88.32 + 0.26
88.75 £ 0.24
91.13 £ 0.15
95.88 + 0.09
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Nuclear fragmentation studies with the FOOT experiment
trigger optimization and cross section measurements
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Charge-Changing cross sections

max Al M 2 ra N cdr- N p=183g/cm3
\ \ 9005, Wikkin = frog(2) Nra = { ” A = 120107
Emin @%@@?3\ 2@33 : Z\HQ y mANv :
1 Nra(Z)  Npora(Z)
Z) = _
o(Z) Nrg - AANVﬁ 23:: Zﬁwﬁ ]

Element 0 frqg & Astar £ Asysimbarn]  Agtat /0 trag  Dsys/Ofrag  onrc[mbarn]

He 625 + 22 £+ 21 3.6% 3.6% 621
Li 8 £ 10 £ 5 11.9% 5.6% 67
Be 31 £ 10 £ 3 31.8% 8.8% 33
B 70 £ 10+5 14.9% 7.3% 38
C 113 £ 12 £ 3 10.9% 2.7% 81
N 101 £ 14 £ 5 13.7% 4.8% 105
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Charge-Changing cross sections
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Different selection criteria of
the projection of the beam
direction on TG;

Quality of the BM
reconstructed tracks;

Charge of the reconstructed
point < charge of the beam,;

Charge reconstruction

algorithm in the fragments’
identification.
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Trigger implementation

Goal:
select the interesting
fragmentation events
introducing a Trigger on data
using TW detector

* Limited acquisition rate of the experiment —_—
() — Covnms)

« 15¢TW trigger: introduce in the MC a
threshold in energy loss on the central bars of
the TW detector;

HEEEEEEE | HEEEEEEEEEy

2¢ (200 MeV/u) = C,H,
Y 2 * 10%events

« 2MTW trigger: require another hit
somewhere in TW when there is a signal from
central bars.

I IIIT11]
- X

[TTITTTITITIITY

»
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15t TW Trigger

* Using TW Eloss distributions we have choosen 3 different thresholds to

study: 10° ~
1. Eloss =38 MeV; : y =t
2. Eloss =42 MeV; 10° : ﬂ — ¥

3. Eloss =46 MeV.

[ IIIIIIIII lllllllll IIHIHI] IIIIHHI lllllllll |

10° =1 :

* We take all fragments arriving on the TW except the o~ f

ones hitting the central bars with energy loss above 102 P H : ;

the threshold. 1 i

Tri Effici . N(Z)rw " ) . _ IJ
* Trigger Efficiencies: T~ — Tt - «

> N(@ws S OO s 3 L TR Y | TR
0 10 20 30 40 50 60 70 80 90 100

Eloss [MeV]

(Element  [Thr=38MeV |Thr=42MeV | Thr = 46 MeV

B 97.32% 99.74% 100%
C 1.40% 1.45% 9.33%

Fraction of primaries selected with
_~ this TW trigger with respect to the
MB trigger
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158 TW Trigger

* Choice of the threshold: a compromise between the number of fragments we want
to take and the bias that will be introduced.

e From the hardware point of view the threshold in Eloss must be translated in a signal
amplitude threshold

: . = F —70
* Fix an amplitude threshold means to take an 2 07— GSI data
= -
energy loss range of about 4-5 MeV. = 06 —|80
10° £ o5 | —is0
aﬁwmmgO =
10° 0 (400 MeV/) 04 - 40
10° 0.3 ml e 30
102 02— o 20
= s 10
10 f , m . — o.tw.aA Y © L) 0 %
] m m o.ﬂl_ L1 1 _ 1 | I _ | _ L1 1 1 _ 111 _ 1 L1 1 _ | I | _ | _ °
I ﬁ ; g 20 30 40 50 60 70 80 90 100
1 | 1l IH
L T S Ex: &Amp = 0.4V -> = 54-58 MeV Ftoss (MeV])
Eloss [MeV]
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24 T\W Trigger

e We count the hits on the central bars only if there is another hit somewhere

in the TW.

o Trigger Efficiencies: ~ N(@rw

ﬁ Efficiencies

H

25/05/2021

N(Z)ms

98.06%
95.23%
92.19%
85.45%
58.09%
1.66%

10° ™ :;mmma
%o. __— MB trigger ____“_,
10° )
|
ﬁ,
10°
10 ..,_..; S
| il i
el _::_? R.F_H;‘.H | ., \E;_:: :___r_:__ Lm_.n
0 20 40 60 100 1 Elags [MeV]

* The bias we will introduce on the fragments (especially on B) i
more significant with respect to the other trigger.
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Choice of the trigger

15t TW Trigger 24 TW Trigger

e Very small bias introduced for B (and C * Greater bias (to evaluate properly acquiring
fragments). MB events).

e Compromise between few % systematics e Low amplitude thresholds have to be set to
trigger bias and amount of primaries acquired remove noise (in order not to take as good
(1% = 10%). events primary+noisy hit somewhere in

TW).

From these observation the first TW trigger could be the favorite
choice employing an high threshold in order to minimize the bias
and manteining a good primaries rejection power.
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Conclusions

* Preliminary measurement of the GSI cross section O+C at 400 MeV/n has been
shown

* Some algorithms developed in SHOE for this analysis, useful for the future

* Trigger implementation to be use during the next data acquisitions (GSI 2021)

Paper in preparation to be submitted on the JINST journal
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Spare slides
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Angular acceptance

beam
(z axis)

TG

TW center glb ~ [-1,-1]

Small shift

25/05/2021

TG

W

v

X between
BM and TW

TW

v

0

50

0°< 6 <5.7°

Selecting fragments from TG region
[-0.7,0.7] cm

0° < ¢ <360°
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Acceptance Region
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Beam and Beam Monitor at GSI

h_TG_x_glb h_TG_y glb
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Calibration and tuning of MC on GSI DATA |
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loss Calibration:

“Tuned” and applied CNAO
Pisa-calibration to GSI data

* Cross-checked with a GSI
standalone calibration

LAl

ToF calibration:

e (Calibration from 2242 for runs
2239,2240,2241

e Standalone calibration for run
2251
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Calibration and tuning of MC on GSI DATA

o a1
o o
o o
[TrTr]

8Z A(

%

TTTT

loss Calibration:

MC “Tuned” and applied CNAO
Pisa-calibration to GSI data

* Cross-checked with a GSI
standalone calibration

=
P
LAl

10°

G'6

0l

102

S0l

T

10

L

ToF calibration:

=Y

O T

Sl

e (Calibration from 2242 for runs
2239,2240,2241

Fragmentation trigger in MC

o b e b v b b b b

10 20 30 40 50 60 70
Eloss [MeV] * Standalone calibration for run

2251

[su] 401

¢l

In SHOE implemented reconstructed MC takes into account:
* Eloss, Tof and t;, resolutions from CNAO data. Eloss threshold (cut away most of the protons) and dead bars @ GSI
* Time and position reconstruction from times Ta and Tb (data-like)

* Pile-up (multi-hit in the same bar per event) and fragment charge from ZID algorithm.
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FLUKA: E,, distribution fragments in TG
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Asking for only primary fragments with
origin in Target
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O production IN TG (between 0° and 5.7°)

¢ (mbarn)
-°:)

10?

o

do 2\

25/05/2021

= — |go_rodB =
o lgo—7 N,

0° hmm xy E S Zﬂ

*QR*Z
Where: N, = {

E Cross section (mbarn)

1 582.237098
2 624.328050
3 67.443612

h ww.mwpwmw
m.
m
w

54.391275
98.731728
103.810543

8 60.529448
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E,., distribution fragments out

Evemts/1 MeV/n
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T IIIIIII
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AL

500 600 700 800 900 1000
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Asking for only primary fragments with origin in Target
produced on the TG in [-0.7,0.7].
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E,., distribution TW hit

S s
£ L / y, “
s | /W
g | A Asking for only primary fragments with
10°E __, origin in Target (over threshold) with
. b‘ \ production angle < 5.7° and beam
E progection on TG in [-0.7,0.7] matching
10 ) ] | ‘ a TW hit
Hi I } i
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Charge mixing matrix for TW hits

Ztrue

twZID_f

(00]

10°

’ H

° H

AH
]

1 2 3 4 5 6 7 8
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Yields extraction and TW Clustering

In order to extract fragment yields from cross sections measurement front and rear TW hits have to be clusterized.
New algorithm implemented in SHOE.

(1,1)
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Yields extraction and TW Clustering

In order to extract fragment yields from cross sections measurement front and reat TW hits have to be clusterized.
New algorithm implemented in SHOE.

(1,N), (N,1), with N>1

(1,1)
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Yields extraction and TW Clustering

In order to extract fragment yields from cross sections measurement front and reat TW hits have to be clusterized.
New algorithm implemented in SHOE.

(1,N), (N,1), with N>1 (N,M), (M,N), with N,M>1
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Yields extraction and TW Clustering

Pile-Up (multi-hits)

||||||||||||||||||||||||\i\|

25/05/2021 Marco Toppi - FOOT Physics Meeting 32



Yields extraction and TW Clustering

section

0.25 =
H Pile-Up (multi-hits)
0.2—
B This numbers depend
B on geometry
0.15— (distance TG — TW)
— and also on FLUKA
— fragmentation cross

_
w.Ss oms. JS« oms. VS\\.
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Yields extraction and TW Clustering

Pile-Up (multi-hits)

This is a very good
reason in the future
to avoid to have
different dynamic
range for the two
layers to identify light
and heavy fragments

Ty, Ty, ] m, m,
#.,Q difr om \G ums e p ult oms. w.Sx ult oms. w.vS_ ult oms. w.vS.
r a

r
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Yields extraction and TW Clustering

0.25—
- Fragmentation
0.2— inside TW ~ 2.5%
0.15—
01—
0.05—
[ - _ - | - _ - - - - _
"oy oy Uy U , Wirg "9 iy b Wirg Same os§o$ W "t by Tw; sc:omsv_e
ld r
® ‘
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Yields extraction and TW Clustering

0.25—
02—
— Same layer multi-
045 bars events
UL ~2.5%
01—
0.05—
[ - _ - _ - _ - _ . _ . _ o _
§0:Qb s\m:Qb X s\Q:Qb % s\@:m\b *QQQ_\ §\\Q S\\h@ Qs.\\b&s. \s.@ Sa, ar g\.
@ >
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Yields extraction and TW Clustering

Same situation of above +
problem of the ghosts—=> to be
managed with measurement
of the position along the bar
exploiting the time difference
DeltaT at the edges of the bar

(N,M), (M,N), with N,M>1
37
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Yields extraction and TW Clustering

Same situation of above + m o- i te Light speed in the bars v:
problem of the ghosts=> to be W o2}~ Pt 0.00008:0.001801 1/v~ 66 ps/cm
managed with measurement Sy
of the position along the bar o8-
exploiting the time difference o8]
DeltaT at the edges of the bar =
L.MWI
= ,-mo..._-r._._-__o__..._,n,_“_‘zhs.gw:s_
vsml M o.am ww\ i 0.7404 Ho,wwwwww
S+ N i Run 2242 o 1 | [
: i _ | _ 31 * t f _ * f i
100 f | TE
- TEeny N, 07}~
ol 7_, | al s 160 Resolution ~ 8 mm
% FL =T + 0 &3...523.4 ps.l-r S I .L‘.u_n,..v.s.,_.e_n.,.aw._v A2~_<:~ A_<_~_/_V~ <<m.n—._w_w_~_<_VH



TW Clustering algorithm

* From these simple observations | follow the simple idea to train the TW
cluster/point with the hits from the TW layer with higher occupancy to avoid to
drop 25% of events due to pile-up

* When there is the same number of hits in the two layers the front hits train the
clusters

* Noise can be further strongly reduced asking Zfront = Zrear
(best choice in the end)

This fact, matched with the good position
In SHOE: for each TWpoint the charge resolution from deltaT (better than bar crossing
of the training hit and its MC track ID resolution), is a good reason in the future to keep
(useful for efficiencies evaluation) are as in GSI horizontal bars in the front layers and
assigned to the point vertical in rear = actually this study should be
repeated in presence of the magnetic field
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Implementation of TW Clustering in SHOE

The combination of the Z identification
and clustering algorithms implemented in
SHOE provide a very good fragment
charge identification on an event-by-event
basis (DATA!!)
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Efficiencies: denominator

Production E distribution of fragments out of TG
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Denominator: Asking for only primary fragments with origin in Target produced on the TG in [-1,1] and escaping from it
with 8<5.7° and an Ekin in the interval 100-600 MeV/n (from data distribution)
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clencies: numerator
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Numerator: Asking for a good TWpoint

matched to primary fragments with
origin in Target with production angle <
5.7°, beam projection on TG in [-0.7,0.7]
and production Ekin in the range
[200,600] MeV/n.

In reconstructed MC Pile-Up is switched
off and Z=Ztrue (not reconstructed Z)

ON/OFF Request: Z_front = Z_rear
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“Integral” efficiencies
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Efficiencies in angle and “Ekin”
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